2 Our previous analysis suggests that the western Turkic populations (Table S2) Turkic neighbors, such as Romanians, Lezgins, and North Ossetians, also shared a relatively high 1 5
number of IBD tracts (Figure 4 and Figure S4 ) with the SSM populations. We conclude that the 1 6 recent gene flow from the SSM area inferred in our previous analysis was not restricted to the 1 7 western Turkic peoples, and the higher IBD sharing is evidence that Turkic populations are distinct 1 8 from their non-Turkic neighbors.
9
A spatial pattern in IBD sharing was noted when IBD tracts of different length classes were 2 0 considered separately. For segment classes of 1-2 cM and 2-3 cM, higher IBD sharing is 2 1 statistically significant for most Turkic speakers, except Gagauzes and Chuvashes (and Tatars in the 2 2 case of 2-3 cM). For longer IBD tracts of 3-4 cM, statistical evidence for higher IBD sharing 2 3 becomes weaker in some Middle Eastern and Caucasus (Azeris, Kumyks, and Balkars) samples. By 2 4 weaker evidence, we mean that a statistically significant excess of IBD sharing was restricted to a 2 5 subset of the four candidate ancestors tested. In the Volga-Ural region, for the same class of segments (3-4 cM), only Bashkirs continued to show strong evidence for gene flow, while Tatars 1 and Chuvashes do not. For these two Turkic populations, not all tests were statistically significant 2 because the background group, from which permuted samples are drawn, contained a Finnic 3 speaking Mari people showing comparable levels of Asian admixture ( Figure 2 ) and IBD sharing 4 ( Figure S4 ). When we considered even longer segments (4-5 cM and 5-6 cM), we no longer 5 observed a systematic excess of IBD sharing for Turkic peoples in the Middle East, the Caucasus, or 6 in the Volga-Ural region. In contrast, populations closer to the SSM area (Uzbeks, Kazakhs, 7 Kyrgyz, and Uygurs, and also Bashkirs from the Volga-Ural region) still demonstrated a statistically 8 significant excess of IBD sharing. This spatial pattern can be partly explained by a relative rarity of 9 longer IBD tracts compared to shorter ones and recurrent gene flow events into populations closer 1 0 to the SSM area. during this migration period between 20 and 53 generations ago. The expected length of a single-1 7 path IBD tract inherited from a common ancestor that lived ~20-53 generations ago ranges between 1 8 2.5 cM and 0.94 centiMorgans (see Methods for details). Taking into account that multi-path IBD 1 9 tracts will be on average longer [29] , the IBD sharing signal at 1-5 cM detected between the western 2 0
Turkic peoples and the SSM area populations may be due to historical Turkic and Mongolic 2 1 expansions from the SSM area. It is possible to approximately outline the age of common ancestors 2 2 directly from the distribution of shared IBD tracts [28] , but such an inference would be too coarse 2 3 for our purposes. Here we use two different methods implemented in ALDER [30] and SPCO [31] 2 4
to infer the age of Siberian/Asian admixture among Turkic peoples. The admixture dates for all the 2 5
analyzed Turkic peoples ( Figure 5 ) fell within the historical time frame (5th-17th century) that 2 6 1 Mongol expansions (13th century) [2,3]. However, individual admixture dates estimated using the 2 two methods overlap only partially and were discordant for most populations ( Figure 5 ). Therefore, 3 we simulated a series of admixture events spanning a target historical period and compared how the 4 two methods performed (see Material and Methods for details). The dates inferred by ALDER 5 tended to be closer to simulated true values, while SPCO consistently estimated older dates ( Figure   6 6). Importantly, the SPCO-inferred dates for our real dataset ( Figure 5 ) also tended to be older, and 7 we therefore suspect bias in our SPCO estimates. From here onward we discuss only ALDER-8 inferred dates.
Although we report a single admixture date for each population, we note that it is likely that 1 0 the contemporary Turkic peoples were established through several migration waves [2-4,32].
1
Indeed, Turkic peoples closer to the SSM area (those from the Volga-Ural region and Central Asia) 1 2 showed younger dates compared to more distant populations like Anatolian Turks, Iranian Azeris, 1 3 and the North Caucasus Balkars. Only Nogais, the former steppe belt nomadic people, and Kumyks 1 4 inhabiting northern slopes of the Caucasus stand out from this spatial pattern. neighbors. This is particularly obvious for Turkic peoples in Anatolia, Iran, the Caucasus, and 2 2
Eastern Europe, but difficult to say about northeastern Siberian Turkic speakers, Yakuts and 2 3
Dolgans, for which non-Turkic reference populations are absent. We also found that a higher stem from the Lake Baikal region, which is essentially the SSM area [22] . It turns out that most of although Mongolic conquests were launched by Genghis Khan troops in the early 13th century, it is 1 8 well known that they did not involve massive re-settlements of Mongols over the conquered 1 9
territories. Instead, the Mongol war machine was progressively augmented by various Turkic tribes 2 0 as they expanded, and in this way Turkic peoples eventually reinforced their expansion over the 2 1
Eurasian steppe and beyond [34] . Therefore, we prefer the second explanation, although we cannot 2 2 entirely exclude the Mongol contribution, especially in light of admixture dates that overlap with 2 3 the Mongol expansion period.
4
Finally, our IBD sharing analysis suggested that the SSM area is the source of recent gene 2 5 flow. This area is one of the hypothesized homelands for Turkic peoples and linguistically related 1 sources alone are insufficient to unambiguously associate this area with the Turkic homeland for 2 several reasons: some of the Turkic groups speaking the Oghuric branch of Turkic were attested 3 westerly in the Ponto-Caspian steppes in the mid-late 5th century CE. This is geographically distant 4 from the SSM area, and temporarily much earlier than the Göktürk Empire was established in the 5 SSM area. Thus, our study provides the first genetic evidence supporting one of the previously 6 hypothesized IAHs to be near Mongolia and South Siberia.
7
The gene flow from the SSM area that we inferred based on our IBD sharing analysis should 8 also be detected using an alternative approach such as ALDER, which is based on the analysis of 9 linkage disequilibrium (LD) patterns due to admixture. Using the ALDER method, we tested all 1 0 possible combinations of reference populations in our dataset. LD decay patterns observed among 1 1 western Turkic populations were consistent with admixture between West Eurasian and East 1 2 Asian/Siberian populations (see detected reference populations in Table S3 ). Admixture dating with 1 3 the set of East Asian/Siberian populations (Table S3 ) inferred admixture events ranging between 1 4 816 CE for Chuvashes and 1657 CE for Nogais. We chose these reference populations based on the 1 5 highest LD curve amplitudes, as suggested by the authors of the method. It is notable that all the 1 6 SSM populations that were inferred to be the source of SSM gene flow were filtered out by an 1 7 ALDER pre-test procedure because of the shared admixture signal with the tested Turkic 1 8 populations. Indeed, as we show, SSM populations and the two Northeastern Siberian populations 1 9 all demonstrated a statistically significant admixture signal between the same set of West Eurasian 2 0 and East Asian populations as western Turkic peoples do (Table S3 ). Therefore, the set of reference 2 1 populations reported in Table S3 that demonstrate the highest LD curve amplitude, in fact represent 2 2 the set of closest possible reference populations that passed ALDER's filtering procedure. This filter 2 3
removes any reference population that shows shared admixture signal with the tested population. It perhaps recurrent, waves of migrants in the region from SSM.
5
In summary, our collection of samples, which covered the full extent of the current 2 6
distribution of Turkic peoples, shows that most Turkic peoples share considerable proportion of 1 their genome with their geographic neighbors, supporting the elite dominance model for Turkic 2 language dispersal. We also showed that almost all the western Turkic peoples retained in their 3 genome shared ancestry that we trace back to the SSM region. In this way, we provide genetic Table S1 ). Individuals with more 1 1 which, in the trade-off between power-loss and minimizing false discovery rate favors the latter, 2 keeping it close to zero. These parameter settings fit our purposes since we are interested in 3 estimating the relative amount of IBD sharing between populations rather than the total amount of 4 IBD sharing.

Isolation-by-distance test 6
Chromosomal tracts that were IBD between two populations were first sorted into bins (classes) 7 based on their length: 1-2, 2-3, 3-4, 4-5 cM, and then the total length was divided within each bin 8 (class) by sample size to obtain the average IBD sharing for each population pair tested. From here 9 onward, we refer to this statistic as IBD sharing. It was shown previously that IBD sharing between 1 0 populations decays exponentially with distance between samples [28]. To test whether IBD sharing 1 1 between populations in our dataset is consistent with isolation by distance, we first converted the 1 2 IBD sharing statistic between populations into an IBD sharing distance using -ln(IBD sharing Even if there is a statistically significant correlation between IBD sharing and geographic distance 2 5 in the data, spatial patterns of recent ancestry between real populations are unlikely to meet 2 6 isolation-by-distance expectations ideally. One way to detect the departure from the expected 1 isolation-by-distance pattern is to compute parameters that describe the relationship between IBD 2 sharing and distance in a population set where you do not expect any deviation. These parameters 3 can then be used to compute the expected range of IBD sharing for a given pair of populations at a 4 given distance and report deviations, if any. In our dataset, it was difficult to define a population 5 subset that was completely devoid of samples with departures from the expected isolation-by-6 distance pattern. Therefore, a comparative approach was used, in which the IBD sharing pattern in Table S2 ; the same sets are used for permutation test described below; See Figure 4 ) and IBD 1 7
sharing that these populations demonstrate with other samples in our dataset was computed. A total 1 8 of 63 Eurasian populations were included in our dataset (excluding 12 western Turkic populations).
9
Thus, for each set of geographic neighbors, a vector of 63 ordered IBD sharing values with other 
5
If they are random, there will be no accumulation. We call this procedure "subtraction and Figure S2 . An accumulated value (IBD sharing signal) 1 1 for a given population was considered high when it exceeded the 0.90 sample quantile point.
2
Finally, this "subtraction and accumulation" procedure was repeated multiple times by replacing 1 3 each of the 12 Turkic populations with randomly chosen non-Turkic neighbors from respective sets 1 4 of geographic neighbors (see Figure S3 for results). Doing so demonstrates the kind of results 1 5 expected when the "subtraction and accumulation" procedure is done with population sets that do 1 6 not have systematic differences in IBD sharing. A permutation test was designed to verify whether the excess of IBD sharing that western Turkic 2 0 populations demonstrate with SSM populations is statistically significant. IBD sharing (as described 2 1 previously) between a western Turkic-speaking population and each of the three SSM populations 2 2 (Tuvans, Buryats, Mongols) that show high accumulated IBD sharing was calculated. A permutation 2 3 procedure was then used to test whether observed excess of IBD sharing that a given Turkic 2 4 population demonstrates can be expected by chance among its non-Turkic neighbors. For each 2 5
Turkic population, their geographic neighbors were pooled and 10,000 random samples of the same All Illumina genotyping data can be accessed through our website at http://evolbio.ut.ee/.
